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Abstract DifTerenl expressions, for relative density of water versus temperature, used by various reseaichcrs since IX90 have been reviewed
Recently, a good amount of work for determination of absolute or relative density of water as a lunction of temperaiurc, with clear understanding 
o1 the elVects of isotopic composition and air saturation on density of water, has been carried out The results have been fitted into a fairly variety 
ol liinctions this has added to confusion to user scientist To circumvent this problem, a harmom/ed cNpression lor relative density ol water 
salistying the available data, has been derived The internationally agreed value of maximum density and the lempcr:i(ure at which it is maximum 
arc respectively 999,974950 kg/m’ and 3 983035T As the isotopic composition of water from various sources vanes, the isotopic composition 
(d standard Mean Ocean Water (SMOW) has been specified A uriiiiuc expression giving the dilfcrencc in density of SMOW and sample water has 
heen slated The decrease in density due to different air saturation and temperature has been derived Water density tabic for SMOW using 
iniernalionally agreed values of various parameters and ITS 90 has been constructed from 0 to 4 r c  in steps off) P'C'
Keywords Relative density, water density, temperature variation
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1. I n t r o d u c t io n
Hasically, th e  fo l lo w in g  fo u r fa c to rs  g o v e rn  th e  ca lc u la tio n  
o( value o f  a b so lu te  d e n s ity  o f  w a te r  a t any  te m p e ra tu re  :
(i) Iso to p ic  c o m p o s it io n  o f  w a te r,
(it) L ev e l o f  a ir  s a tu ra tio n  in w a te r ,
(iii) T e m p e r a tu re  r e la t io n s h ip  o f  re la tiv e  d e n s ity  o f  
w a te r ,
(iv) V a lu e  o f  a b so lu te  d e n s i ty  o f  w a te r  a t th e  tem p e ra tu re  
o f  its m a x im u m  d e n s ity .
U n fo rtu n a te ly , th e re  is a  m u lti tu d e  o f  e x p re s s io n s  used  
lor all th e  a b o v e  s ta te d  fa c to rs . T h e re  is no  u n iq u e  e x p re ss io n  
lor d en sity  c o r re c tio n  d u e  to  a ir  sa tu ra tio n . T h e re  are 
confusing fo rm u la e  fo r  iso to p ic  c o m p o s itio n  o f  s tan d a rd  
mean o cean  w a te r  a n d  re la tio n  fo r d e n s ity  o f  a w a te r  sam p le  
having th e  k n o w n  is o to p ic  c o m p o s itio n . T h e re  is a  n u m b er 
of re la tio n s fo r  d ila ta t io n  o f  w a te r . T h e re  a re  re la tio n s  
derived f ro m  th e  e x p e r im e n ta l  w o rk , th e re  a re  so m e  
K’iaiions c a lc u la te d  o n  so m e  o th e r  b a s is . S im ila rly , th e  
density v a lu e  o f  th e  w a te r  ta k e n  b y  v a r io u s  au th o rs  a t the
te m p era tu re  o f  Us m ax im u n i d en sity , v a rie s  by a few  p arts  
p e r m illion .
So in o rd e r to  get u n iv e rsa lly  traceab le  resu lts , w h ere  
d en sity  o f  w a te r  has been  used  as the  s tan d a rd , o n e , a p a rt 
from  kn o w in g  th e  ac tu a l iso to p ic  c o m p o s itio n  o f  w a te r 
sam p le  an d  level o f  a ir sa tu ra tio n  in w a te r and  ap p ly in g  the 
n ecessa ry  co rrec tio n s , sh ou ld  a lso  sta le  ;
(i) T he  e x p re ss io n s  used  for ap p ly in g  ic c o rrec tio n s , 
(li)  D en sity -T em p era tu re  re la tio n  u sed , and  
( iii)  T h e  va lu e  o f  den sity  u sed  at the  tem p e ra tu re  o f  
m ax im u m  d ensity .
Im p o rtan c e  o f  co rre c t and  u n ifo rm ly  ad o p te d  v a lu es  o f  
d en sity  o f  w a te r at d iffe ren t te m p e ra tu re s  n eed  n o t be  o v e r­
em p h as ized . F o r co m p ariso n  o f  re su lts  o f  any v o lu m e tric  
m easu rem en t o b ta in ed  by  d iffe ren t lab o ra to ries , it is n ecessa ry  
th a t all la b o ra to r ie s  u se  th e  sam e w a te r  d en sity  tab le  o b ta in ed  
fro m  an in te rn a tio n a lly  a d o p te d  e x p re s s io n  in v o lv in g  
t e m p e r a tu r e  a n d  w a te r  d e n s i ty  a n d  o th e r  r e l e v a n t  
p a ram e te rs  like  m ax im u m  d en sity  and  iso to p ic  c o m p o s itio n  
o f  w a te r .
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2. D e n s ity  o f  w a te r  a t  th e  t e m p e r a tu r e  o f  its  m a x im u m  
d e n s i ty
In Ju n e  1799, w h ile  d e fin in g  th e  k ilo g ram  d e  A rch iv es  as 
the  m ass  o f  w a te r  o f  o n e  d e c im e te r  cu b e  o f  w a te r, th e  d en sity  
o f  w a te r w as tak en  as 1000 kg/m ^. L ater in 1889, th e  
k ilo g ra m — th e u n it o f  m ass w as d e c la re d  eq u a l to  th e  m ass 
of p la tin u m  ir id iu m  c y lin d e r h av in g  the  m ass c lo se s t to  th a t 
o f  k ilo g ram  dc A rch iv es  and  d e c la re d  it as the p ro to ty p e  o f  
the  in te rn a tit)n a l k ilo g ram . T h is  m ean s th a t th e  ac tu a l m ass 
o f  th e  s ta n d a rd  rem a in ed  u n ch an g ed . B ut w hen  in 1901, the  
litre  th e  unit o f  v o lu m e w as d e fin ed  as the  v o lu m e o c cu p ie d  
by o n e  k ilo g ram  o f  w a te r by im p lica tio n , the  d e n s ity  o f  w a te r  
at th e  te m p e ra tu re  o f  its m ax im u m  d en sity  w as d e c la re d  as 
9 9 9  9 7 2  kg /m  \  A t that tim e, co n c e p t o f  iso to p ic  co m p o s itio n  
o f  w a te r  w as n o t c le a r  and  th e re fo re  w as n o t ra ised . T h is  
v a lu e  co n tin u e d  to be used  till recen tly . M en ace  and  G ira rd  
in 1973 [11, c o n s id e r in g  the  m ost likely  iso to p ic  co m p o s itio n  
o f  w a te r  (a s  faced  in 1901), su g g es ted  th a t d en sity  o f  w a te r  
at th e  te m p e ra tu re  o f  its m ax im u m  d en sity  sh o u ld  be tak en  
as 9 9 9 .9 7 5  k g /m \  In 1994, P a tte rso n  and  M o rris  o f  N M L , 
A u s tra lia  |2 |  m e a su re d  the d en sity  o f  w a te r  a t th e  te m p e ra tu re  
o f  m ax im u m  d en sity  as 9 9 9 .9 7 3 5 8  f  0 0 0 0 9 0  k g /m \  M asui 
ct a / \ 3\ m e a su re d  ca re fu lly  th e  d en sity  o f  w a te r  at 16“C and  
c a lc u la te d  the  va lue  o f  d en sity  at the te m p e ra tu re  o f  m ax im u m  
d en sity  as 9 9 9  9 7 5 6   ^ 0 .0 0 0 8  k g /m \  A ll th ese  d e n s ity  v a lu es 
re fe r  to  S tan d a rd  M ean  O cean  w a te r  k n o w n  as S M O W  and  
at th e  p re ssu re  o f  101 325  Pa. So the  p ro b le m  is th a t ev en  
d en sity  o f  w a te r  at the te m p e ra tu re  o f  its m ax im u m  d en sity  
is k n o w n  o n ly  w ith in  2 p a rts  p e r  m illio n . F rom  th e  la test 
c o rre sp o n d e n c e  w ith  B IP M , th e  a u th o r u n d e rs ta n d s  th a t th e  
v a lu e  999 97^950 i: 0 000iS4 kg/m  ^ is going to he accepted 
fo r  the maximum density o j (SM OW ) The temperature at 
which the density o f water becomes maximum has been taken 
as 3 983035 t 0 00067"C The uncertainty’ quoted is 2 times 
standard deviation,
3. S t a n d a r d  m e a n  o c e a n  w a te r  S M O W
S ta n d a rd  m ean  o c e a n  w a te r  h as fo llo w in g  in tb m a tio n a lly  
a c c e p te d  iso to p ic  c o m p o s itio n  [4] :
= ( 2 0 0 5 .2  ± 0 .4 5 )1 0 " ^ , 
/ ? ; ,=  (1 5 5 .7 6  ± 0 .0 5 ) 1 0 - ^ (1 )
w h e re  R\g in g iv en  v o lu m e  o f  w a te r, is th e  ra tio  o f  w a te r  
m o lecn  es h av in g  ' * 0  to  th a t o f  w a te r  m o le c u le s  c o n ta in in g  
'^O . S im ila rly , /?/) is th e  ra t io  o f  w a te r  m o le c u le s  h a v in g  
d eu te r iu m  in s tead  o f  h y d ro g e n  to  th e  n u m b e r o f  m o le c u le s  
o f  n o rm al w a te r.
T h u s,
- K * * 0 ) / / j( ‘6 0 ) ,  an d  Rn n ( D ) / n ( H ) .
T h e  in te rn a tio n a lly  a c c e p te d  e x p re s s io n  [5] g iv in g  the 
d iffe re n c e  in d e n s ity  o f  S M O W  an d  sa m p le  w a te r  is
{p -  P(v-SMOw)) = 0.233 ■ 10--^  *»0 + 0.0166 ■ 10' ’ • ® ,
(2)
w h e re  =  [ i ? „ ( s a m p l e ) / ^ „ ( S M O W ) -  l ] l 0 ^
a> '«0 -  [ /? ,g ( s a m p lc ) // i ! ,R (S M O W )-1 ]1 0 3 .
It m ay  b e  n o te d  th a t d iffe re n t v a lu e s  o f  R\^ a n d  R p  and 
co e ff ic ie n ts  o f  an d  SD in eq . (2 )  h a v e  b een  reported  
in the  lite ra tu re  [6 - 8 ].
4. E ffe c t o f  d is so lv e d  a i r  o n  d e n s i ty  o f  w a te r
M a re k  [9] w as p e rh a p s  th e  first to  in v e s tig a te  th e  e ffec t ol 
d is so lv e d  a ir  on d e n s ity  o f  w ater. H e m e a su re d  th e  d iffe ren ce  
in d en sity  o f  a ir -free  an d  a ir -sa tu ra te d  w a te r  b e tw een  0 °C to 
14°C and  g av e  re su lts  w h ich  co u ld  b es t be re p re se n te d  by 
a p a ra b o la  h av in g  its m ax im u m  at a b o u t 5®C. T h a t is \ 
d ec re a se  in d en sity  is m ax im a l a t 5”C . C h a p p u is  [10] 
m easu red  the  d iffe re n c e  in d e n s ity  o f  a ir s a tu ra te d  and 
a ir-free  w a te r  from  5 ”C to  8 °C. T h e  d if fe re n c e  in density  
w as c lo se  to  th a t o f  M arek  b u t it re m a in e d  p ra c tic a lly  the 
c o n s ta n t in the  ran g e  o f  te m p e ra tu re , w h ich  C h ap p u is  
s tu d ied .
H o w ev er, th e  s ta te s  o f  fu lly  sa tu ra te d  o r c o m p le te ly  air- 
free  w a te r  a re  n o t re a lisa b le . So  G ira rd  an d  C o a ra sa  [11] 
m easu red  th e  d if fe re n c e  in d e n s ity  o f  a ir - f re e  w a te r  an d  that 
o f  w a te r  h av in g  k n o w n  a m o u n t o f  a tm o sp h e ric  g a se s  at 
te m p e ra tu re s  4 , 10, 16 and  2 2 ”C an d  a rr iv e d  a t th e  fo llow ing  
co n c lu s io n s  :
(i) T h e  d e c re a se  in d e n s ity  is lin e a rly  re la te d  w ith  the 
a m o u n t o f  a ir  d is so lv e d .
( ii)  T h e  d e c re a se  in d en sity  b e tw e e n  a ir-fre e  an d  fully- 
sa tu ra te d  w a te r  lin e a rly  d e c re a se s  w ith  tem p era tu re  
an d  b e c o m e s  a lm o s t z e ro  a ro u n d  3 3 °C  an d  is about
0 .0 0 4 8  kg/m ^ a t O T .
T h e  a m o u n t o f  a tm o sp h e ric  g a se s  d is so lv e d  in  w a te r  are 
m ea su re d  on th e  a s su m p tio n  th a t lev e l o f  sa tu ra tio n  o f 
o x y g e n  a n d  n i t ro g e n  in  th e  te m p e r a tu r e - r a n g e  u n d e r  
c o n s id e ra tio n , a re  eq u a l [1 2 ] a n d  lev e l o f  sa tu ra tio n  o f 
o x y g en  a lo n e  re p re se n t th e  lev e l o f  sa tu ra tio n  o f  w a te r . For 
c a lc u la tio n  o f  lev e l o f  o x y g e n , W in k le r  t i tr a tio n  m e th o d  as 
im p ro v e d  by  C a rp e n te r  [1 3 ] m a y  be u sed .
B ig n e ll [1 4 ] i le a su re d  th e  d e n s ity  d if fe re n c e  b e tw e e n  air- 
free  an d  fu lly -sa tu ra te d  w a te r  a t 8 0  p o in ts  b e tw e e n  4°C  to 
20"C  an d  g av e  th e  e x p re s s io n  u s in g  le a s t sq u a re  m ethod . 
D e c re a se  in d e n s ity  A p  w ith  re s p e c t to  te m p e ra tu re  t is 
g iv en  by
A p  =  - 0 .0 0 4 6 1 2  +  0 .0 0 0 1 0 6 /.  (3)
N e w  w a t e r  d e n s i t y  t a b l e  a t  I T S  9 0 429
L intcrtain ty  in o b ta in in g  A/? fro m  th e  a b o v e  e x p re ss io n  at 
In level is
2 .5 6 [ 3 . I x lO - '‘ + 1 . 0 6 6 x l 0 - 5 ( / - n . 5 2 ) 2 ] '^ ^  ( 4 )
/ IS te m p e ra tu re  in o n  IP T S  68 . T h e  e x p re ss io n  w ill 
icm ain p ra c t ic a l ly  sa m e  ev en  i f  th e  te m p e ra tu re  is c h an g ed
10 ITS 90 .
C o m b in in g  th e  lin e a r ity  o f  d e n s ity  d if fe re n c e s  w ith  
fvspcct to  lev e l o f  s a tu ra tio n  x  an d  a b o v e  e q u a tio n , w e m ay  
write d en sity  d if fe re n c e  A/:> w ith  te m p e ra tu re  t an d  sa tu ra tio n  
level X as fo llo w s  :
^ p =  ( 0 .0 0 4 6 1 2  + 0 .0 0 0 1 0 6  t)x (5 )
5. F.arlicr work on dilatation of water
A su m m ary  o f  th e  e a r l ie r  w o rk  d o n e  an d  e x p re ss io n s  fo r 
dilatation o f  w a te r  is ta b u la te d  b e lo w  :
1. C h a p p u is  |1 5 |
(0 9 9 9 8 6 8 1 /^ /^  l ) x I 0 ^
- 6 7 .4 6 4 6 4 5 r 4  8 .9 3 4 2 2 3 r2  0 0 7 8 9 1 9 4 6 /^
(fo r  O T  to  1 0 .3 T ) ,  
- 54  7 8 3 5  -  5 5 .2 4 2 7 6 0 /  + 7 9 4 5 0 5 5  / '
-  0 .0 4 8 0 0 1 5 0 / ' ( fo r  I 0 . 3 T  to  1 3 T ) ,
- -1 1 4 .5 5 6 5  -  4 2 .9 4 0 1 4 1 / 4  7 .1 0 6 1 1 5 / '
0 .0 2 9 0 5 7 5 9 /^  (fo r  13"C to  41°C ),
0 ‘K)98681 is re la tiv e  d e n s ity  o f  w a te r  a t 0 ”C.
2 . T h ic se n  et al [16 ]
( l - f / ) l ( ) '  = { ( /  - / 0 2  ( /  +  0 } / { f l  ( r  + £»)} ,
wiK'te A -  3 - 9 8 T ,  B =  5 0 3 .5 7 0 T 2 ,  C  = 2 8 3 "C  an d  D =
(i7 2 6 T .
' S te c k e l S z a p iro  [17 ]
S am e  fo rm u la  as a b o v e  w ith
I 3 .9 8 6 T ,  ^  -  4 0 7 .507*^0^  C  -  196.577*^0 an d  D  ~=
^7()02*’C.
6 T ilto n  a n d  T a y lo r  [1 8 ]
S am e  fo rm u la  w ith
I -  3 .9 8 6 3 °C , B -  508.9292**C% C  -  288.9414*^0 an d  D -  
68 .12963°C .
7 M e n d e le e v  [1 9 ]
(1 - < / )  =  ( / -  4 )2  / [ l  1 8 9 3 2  + 1 3 6 6 6 .7 5 / - 4 .1 3 /2 ] ,
Recent work done on dilatation of water
/ fVork done aCNML, Australia : 
liell an d  C la rk e  [2 0 ] d e te rm in e d  d e n s ity  o f  w a te r  at sev en  
lem pera tu res n a m e ly  3 .9 8 , 10 .4 , 15 .4 , 2 0 .0 , 3 0 .0 , 3 4 .8 , 
a n d  e x p re s s e d  re s u lts  as  a  ra tio  o f  d e n s ity  a t
te m p era tu re  / an d  d en s ity  at 3.98*^0. T h e  d a ta  w as f itted  in 
T h ie s e n 's  ty p e  e x p re ss io n  as g iv en  b e lo w  :
{ \ - d ) \ 0  ^ 3 . 9 8 ) 2 , ^ 2 9 9  6 6 6 ) /
{ 5 1 9 .9 8 5 ( /+ 6 9 .2 2 3 )}  
fo r w a te r in eq u ilib r iu m  w ith  am b ien t air.
T h e  ex p re ss io n  fo r a ir -free  w a te r is g iv en  b y  
( l - c y ) I O ' - ( / - 3 . 9 8 ) 2  ■(/ + 2 3 8 .2 6 3 ) /
{ 5 0 3 .3 7 5 ( /+ 6 7 .3 3 5 )} . ( 6 )
Fit w as found  to be ex ce llen t, th o u g h  m ost o f  the  v a lu es w ere  
w ith in  1 0  3 ppm , n o n e  o f  th e  c a lc u la ted  and  o b se rv e d  v a lu es  
w as ou ts id e  i  0 .8  p a rts  p e r m illio n . B u t th e  e x p re s s io n  su ffe rs  
w ith  a few er d eg rees  o f  I'reedom .
B ell and  P a tte rso n  |2 1 |  o f  sam e lab o ra to ry  to o k  m o re  
m easu rem en ts  and rep o rted  in 1984 a m o d ified  fo m iu la  o f  
T h ie se n ’s ty p e  as
(1 -  J ) 1 0 '  - ( / - 3 . 9 8 9 ) 2  ( /+ 3 3 5 .1 5 9 6 ) /
{ 5 5 8 .7 6 6 6 ( /+ 7 2 .2 5 5 3 )} . ( 7 )
W hile  P a tte rso n  and  M o rris  [2 | in 1994 d e te rm in e d  the  
re la tiv e  d en sity  b e tw een  0"C  to  40*^0 an d  e x p re s se d  th e ir 
re su lts  as
(1-  ^ J ) 1 0 '  - ( / - 3 . 9 8 1 8 ) 2  • ( / +  3 1 6 .3 3 8 0 8 ) /
{ 5 3 8 .2 1 !( / 4 7 0 .6 9 9 7 3 )} . ( 8 )
T h e  sam e d a ta  w as a lso  fitted  to  a 5 -th  d e g re e  p o ly n o m ia l 
in te rm s o f  (/ to)
/7/P,nax - ! - { / < ( / - / o ) + f l ( / - / o ) ^ + a / - / o ) ’
+ D ( / - / o ) "  +  £ ( / - / o ) ' } ,  (9)
w h ere  /o, A. B, C, D an d  K a re  
/(, - 3 .9 8 1 8 “ C ,
>1 = 7 .0 1 3 4  x l 0 " ( ' ’C ) ' ,
5  =  7 .9 2 6 5 0 4  x l 0 - ‘ ( " C ) -2 ,  
r  = - 7 .5 7 5 6 7 7  x l 0 T C ) - 2 ,
D  =  7 .3 1 4 8 9 4  x l 0 - ' " r C ) - < ,
£  = -3 .5 9 6 4 5 8  x l 0 - '2 ( ” C )-5 .
H ere , it m ay  be em p h a s ise d  th a t a ll th e  re su lts  a re  o f  th e  sam e  
lab o ra to ry  an d  v a ry in g  to o  m u c h  in re g a rd s  to  v a lu es  o f  
v a rio u s  co n stan ts .
6.2. Work done at NRLM, Australia :
In  1990 , T a k e n a k a  e n d  M a su i [2 2 ] m e a s u re d  th e rm a l 
ex p a n s io n  o f  p u re  w a te r  h a v in g  n a tu ra l is o to p ic  a b u n d a n c e  
by  d ila to m e te r  m e th o d  in a  te m p e ra tu re  r a n g e  o f  0 * ^  to  
85°C . F o u r  se ts  o f  d a ta  w e re  re c o rd e d  c o m p r is in g  72
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in d e p e n d e n t o rd e re d  p a irs  o f  re la tiv e  d en sity  pipnux and  
te m p e ra tu re . T h e  d a ta  w as filled  to  o b ta in  th e  T h ic sen  ty p e  
e x p re s s io n  :
( J - r / ) 1 0 ’ = ( / - 3 . 9 8 l 5 2 ) -  ( / - f  3 9 6 .1 8 5 3 4 )
X ( /  +  3 2 .2 8 8 5 3 ) /{ 6 0 9 .6 2 8 6 ( /  + 8 3 .1 2 3 3 3 )
X (? + 3 0 .2 4 4 4 5 5 ) } .  (1 0 )
It m ay  be n o tic e d  th a t a fa c to r  (/-i-3 2 .2 8 5 3 )/( /-^  3 0 .2 4 4 5 5 ) 
is ex tra , 't he a b o v e  e x p re s s io n  is b a sed  on  th e  ex p re ss io n , 
w h ich  I ’h ie sen  u sed  in h is  la te r w o rk  [23 ]. H e a lso  f itted  the 
sam e  d a ta  in a K e ll ty p e  re la tio n  [24]
K ell ty p e  e x p re s s io n  is
H ere , /' a n d  /  ta k e s  v a lu e s  fro m  1 to  4 .
T h e  v a lu e s  o f  c o n s ta n ts  a re  
A„ = 9 .9 9 8 6 7 8 4 x 1 0 - ',  /<, --= 6 .7 8 2 6 3 0 8  x 10
A2 =  1 .0 3 6 .5 7 0 4 x 1 0 -’ , =  1 .7 4 8 5 4 8 5 x 1 0 - " ,
A^  = 8 .4 1 5 2 5 4 2  x lO  ' ^
Bi =  9 .0 8 8 7 0 8 9  x 1 0 - ^  B2 =  1 4 9 7 4 4 4 2  x 1 0 -’ ,
fli =  1 .6 0 0 6 5 1 9 x 1 0 - '’ , B4 = 2 . 8 1 0 6 9 7 7 x 1 0 '* .
F u rth e r, he  f i tte d  th e  d a ta  to  a  8 -th  d e g re e  p o ly n o m ia l o f  
th e  fo rm
P /A n a x  (1 2 )
T h e  c o e ff ic ie n ts  o b ta in e d  w ere  
Ai - 9 . 9 9 8 6 7 8 5 x 1 0  ’ , A2 -  6 .7 8 1 9 9 0 7  x 10 ^
- - 9 . 0 8 5 8 9 5 2 x 1 0 - ^  A4 -  1 .0288239  x 10 ^
A5 - - 1 . 4 0 7 7 9 1 0 x 1 0  \  Ae =  1 .6 3 5 5 9 6 6 x 1 0 " ” ,
A-, - - 1 . 3 6 8 8 1 9 3 x  10 A^  -  6 .9 6 9 9 1 7 9  x 10
y^ 9 = - 1 .5 9 1 4 8 1 6 x 1 0  >8.
T h e  s ta n d a rd  d e v ia t io n  o f  f ittin g  w as 0 .2  p a rts  p e r  m illio n  
in e a c h  c a se .
In 1991 , W a ta n a b e  [2 5 ] c a rr ie d  o u t w o rk  m easu re m e n t 
o f  th e rm a l e x p a n s io n  o f  w a te r  in  a  te m p e ra tu re  ran g e  o f  
O^C to  4 4 "C  a n d  e x p re s se d  th e ir  re su lts  as  a  p o ly n o m ia l o f  
6 -th  d e g re e  as  fo llo w s  :
p I P m a n *• (13)
>4, =  9 .9 9 8 6 7 7 5  x l 0  -‘ , A2 =  6 .7 8 6 6 8 7 5 4  x 10 
Ay = - 9 .0 9 0 9 9 1 7 3  x l 0 " \  A^  =  1 .0 2 5 9 8 1 5 1 x 1 0 -7 , 
= - 1 .3 5 0 2 9 0 4 2  x l 0 “^  =  1 3 2 6 7 4 3 9 2  x 1 0 '” ,
A-j = - 6 .4 6 1 4 1 8  x l O - ’^
S o  w e can  sec  th e  c o m p le x ity  d u e  to  la rg e  number of 
ex p re ss io n s , w h ic h  ad d  to  o u r  c o n fu s io n .
F o rtu n a te ly , th e  v a lu es  o f  p/pmax o b ta in e d  fro m  eqs. (8 
to  13) g iv en  by  P a tte rso n  an d  M o rris  [2 ], fa k e n a k a  and 
M asu i [22 ] an d  by  W a ta n a b e  [2 5 ] a g re e s  v e ry  w ell, sav 
w ith in  0 .2  p a rts  p e r  m illio n .
7. Harmonized formula for relative density of water b> 
the author
S o  to  h a rm o n iz e  th e  v a r io u s  fo rm u la e , th e  a u th o r  obtained 
th e  v a lu es  o f  pfpmux fro m  six  e q u a tio n s  fo r  tem peratures 
fro m  0 “C  to  4 r C  in s te p  o f  l “C . T h re e  o f  th em  nam ely  (7),
(8 )  an d  (1 0 )  w e re  T h ie se n  ty p e  an d  o th e r  th re e  (9 ) , (12 ) and
(1 3 )  w ere  p o ly n o m ia ls . T h is  w ay , six  se ts  o f  values o f 
re la tiv e  d en sity  o f  w a te r  w e re  o b ta in e d . E q u a l w eig h ts to 
each  d a ta  w ere  a ss ig n e d  an d  th e  m ean  o f  s ix  v a lu e s  fo r cverv 
d eg re e  from  O T  to  40®C w as tak en . A  p o ly n o m ia l functiot^ 
fo r  in te rm s o f  (T -3 .9 8 3 0 3 5 )  w as fitted  to  the mean
v a lu es  so  o b ta in e d  by  u s in g  leas t sq u a re  m e th o d . 3.98303.*^ 
is th e  in te rn a tio n a lly  a c c e p te d  v a lu e  fo r  th e  te m p era tu re  on 
IT S  9 0  a t w h ich  d e n s ity  o f  w a te r  b e c o m e s  m ax im u m . T h e  
fit is so  g o o d  th a t th e  sq u a re  ro o t o f  th e  a v e ra g e  sum ol 
re s id u a l e rro rs  is o n ly  0.1 p p m . N o  c a lc u la te d  v a lu e  differs 
from  th e  c o rre sp o n d in g  m ean  v a lu e  b y  m o re  th an  0 .17  ppm
T h e  a fo re sa id  ran g e  o f  te m p e ra tu re  is c h o se n , keep ing  in 
v iew  in w h ich  m o st o f  th e  m e tro lo g is ts  a re  in te res ted
T h e  e x p re s s io n  o b ta in e d  by  th e  a u th o r  is g iv en  as
( l - p / P n 3 a x ) - 1 0 ^  =  ^ i ( 7 ’ - 3 .9 8 3 0 3 5 )
4  A2 ( 7 ’ - 3 .9 8 3 0 3 5 ) 2  +  Ay ( T - 3 .9 8 3 0 3 5 )^
+ /^4 ( T - 3 ,9 8 3 0 3 5 ) ^  + / t 5 - ( r - 3 . 9 8 3 0 3 5 ) \  (14)
w h e re  /t, = - 4 .9 7 1 4 1 1  x I 0 ‘ 2 , Ay = 7 .9 6 7 6 0 2 8 0 3 ,
/I3 = - 7 .9 6 0 2 3 2  x l 0 " ^  A^  =  8 .6 8 1 1 3 2  x 10 ^
.45  = - 5 .2 3 4 0 7 7  x l 0 - ^  (15)
T h e  v a lu e  o f  h a s  b e e n  ta k e n  as  9 9 9 .9 7 4 9 5 0  k g /m l
It m ay  b e  n o tic e d  th a t se c o n d  te rm  o n  r ig h t hand  side 
c o n tr ib u te s  m o s t, so  its c o e ff ic ie n t h a s  b e e n  d e te rm in ed  up 
to  h ig h e r  n u m b e r o f  d e c im a l p o in t.
7 .7 . Table for  density o f  SMOW with respect of 
temperature:
T h e  d e n s ity  v a lu e s  o f  S M O W  fro m  0®C to  41®C in steps of
0.1®C h av e  b een  g iv en  in th e  T a b le  1. T h is  su p ersed es the 
w a te r  d e n s ity  ta b le  g iv e n  b y  F ra n k  a n d  H a rr is  [26]. The 
v a lu e s  g iv e n  in  [2 6 ] a re  c o n s is te n tly  4  p p m  lo w er than the 
v a lu e s  o b ta in e d  b y  th e  a u th o r .
T h e  v a lu e s  re fe r  to  a ir - f re e , S M O W  o r  V -S M O W  with 
/? ;:)=  (1 5 5 .7 6  ± 0 .0 5 )  x l 0 - \  / ? ,8  =  (2 0 0 5 .2  ±  0 .0 5 ) x 10"^
New water density table at ITS 90
Ijible I. Density of SMOW (Standard Mean Ocean Water) in kg/m’ on ITS 90
431




















































































997 0.2994 0 2747
997 0 0477 0 0220
.b 996 0 7865 0 7599
''■7 996 0 5159 0 4883
996 0 2361 0 2077
995 0 9473 0 9180
M) 995 0 6497 0 6194
'1 995 0 3433 0 3122
995 0.0283 *0 9964
n 994 0 7050 0.6722
14 994 0 3733 0 3397
15 994 0 0335 *0.9991
M) 993 0.6857 0 6504
77 993 0 3299 0.2939
IS 992 0 9665 0 9297
M) 992 0 5954 0 5578
40 992 0 2168 0 1785



















































































0 4 05 06 07 08 0.9
0 8687 0 8746 0 8804 0 8860 0 8914 0 8967
0 9203 0 9245 0 9285 0 9323 0 9360 0 9395
0 9546 0 9571 0 9594 0 9616 0 9636 0 9654
0 9722 0 9731 0 9738 0 9743 0 9747 0.9749
0.9736 0 9729 0 9720 0 9709 0 9697 0 9684
0 9592 0 9570 0 9545 0 9519 0 9492 0.9463
0 9296 0 9258 09219 0 9178 0 9136 0 9092
0 8852 0 8799 0 8745 0 8690 0 8633 0 8575
0.8263 0 8196 08128 0 8058 0 7988 0 7915
0 7534 0 7453 0 7371 0.7288 0 7204 07118
0 6668 0 6574 0 6479 0 6382 0 6285 06185
0 5670 0 5563 0 5455 0 5345 0 5234 05122
0 4542 0 4423 0,4302 04180 0 4056 0 3931
0.3289 0.3157 0 3024 0 2889 0 2753 0 2616
0.1913 0.1769 0 1623 0 1477 0 1329 0 1180
0 0417 0 0261 0 0104 *0 9^ M5 0 9786 0 9625
0.8804 0 8637 0 8468 0 8298 08127 0 7955
0 7078 0 6899 0 6719 0 6538 0 6356 06172
0 5239 0 5049 0 4858 0 4666 0 4473 0 4279
0 3292 0 3091 0 2890 0 2687 0 2483 0 2278
0 1238 0 1027 00815 0 0601 0 0387 0 0172
0 9080 0 8858 0 8636 0 8412 08187 0 7962
0 6819 0 6587 0 6355 0 6121 0 5887 0 5651
0 4458 04217 0 3974 0 3731 0 3486 0 3241
0 1999 0 1748 0 1496 0 1243 0 0988 0 0733
0 9444 0 9183 0 8921 0 8659 0 8395 0 8130
0 6794 0 6524 0 6253 0 5981 0 5708
0 5434
0 4051 0 3772 0 3491 0 3210 0 2928
0 2645
0 1217 0 0929 0 0639 0 0349 0 0058
*0 9766
0 8293 0 7996 0 7698 0 7399 0 7099
0,6798
0 5282 0 4976 0 4669 0 4361 0 4053
0 3743
02183 0 1869 0 1553 0 1237 0 0920
0 0602
0 9000 0 8677 0 8353 0 8029 0 7703
0 7377













































The value of taken is 999 974950 kg/m’ „ (,55 7<, ± 0 05) '  10 '
To lake full advantage of the table, find the valuesIKC lull uuv4iniagt; vn uiw -------- . , J ic
/ ? , K  -  (2005 2 ± 0 05) 10'^’ for SMOW and the relation for density difterc
............................................. .......
4 3 2 S  r  G u p t a
eq . ( I ) .  T h e  fo l lo w in g  re la tio n  for d e n s ity  d iffe re n c e  g iv en  
in e q . (2 )  sh o u ld  be  u sed ,
P - A v-smow) = 0.233x 10  ^ 0.0166x 10 m
F o r c a lc u la tin g  th e  efTect o f  d is so lv e d  a ir eq. (5 )  m ay  be 
u sed .
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